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The FINDER Challenge
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The Holy Grail of Urban Search and Rescue (SAR)
“Walk down a street with collapsed buildings and readily determine which have live 

humans in them!”

Time spent searching is lives saved or lost!



How SAR teams do it now

Topas – Photo courtesy John Price

Courtesy BBC



• DHS wanted 80% solution today, not a 100% solution in 5 years
– Existing search techniques aren’t 100%
– New approaches that are complementary to existing approaches, not 

replacements

• JPL had technology that can get us there
– Microwave Sensing of Human Vital Signs
– Just another remote sensing problem, isn’t it?

• Project started in April 2012, first prototype tests in Apr 2013
revised prototypes tested in June 2013, September 2013
– Lots of press coverage of September 2013 – led to requests for FINDER 

use all over world

• Field Tests in 2014
– Disaster response exercises and testing all over the US
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Reflection off surface

Scattering from 
rubble, some goes 
towards target

Return 
from 
Target

Absorption in the 
soil

5m, 16 ft
Mud not shown

Target

Late Scatter



U
S 

G
eo

lo
gi

ca
l S

u
rv

ey



Big component 
from fixed clutter 
and Tx Rx antenna 
coupling

Small changing component from 
heartbeat & breathing.  Constant 
amplitude, variable phase

Radar sees the vector sum
Large constant component 
+ small varying component 
-> small phase change



Big component 
from fixed clutter

Small changing component from 
heartbeat & breathing.  Constant 
amplitude, variable phase

Radar sees the vector sum
Large constant component 
+ small varying component 
-> small phase change

Subtract estimate of 
fixed component

Now radar sees much larger 
phase & amplitude variation 
(as fraction of total signal)
Dynamic range is restored

Clutter is mostly 
cancelled
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Microwave 
Sensors

Feature 
Extraction

Detection

freq SNR     BW      FM F
Breathing

10 29.2
15 22.8
36  16.6

Heart
62 15.3   0.024     10
76 16.0   0.025     17
94 9.8    0.023     20

Rel Heart  Resp
84 % 62  10

Rules that define 
“what is human” 
and “what is not 
human”
40 < HR < 130
RSA present
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Algorithms from Space 
Science and Radar

Components from
Wireless Industry

Small, Fast Battery 
Powered Computers

Prototype
Industry YOU

…







Timeline (EDT)
• Day 1 – 25 April (Sunday)

– 1:11 AM – Earthquake occurs
– 6:30 PM – VA-TF1 notified of deployment
– 11:40 PM – USA-1 leaves cache

• Day 2 – 26 April (Monday)
– 2:30 AM - USA-1 in flight

• Day 3 – 27 April (Tuesday)
– 4:20 AM – USA-1 in Doha, Qatar for refuel
– 3:50 PM – David Lewis from R4 is in Abu Dhabi with a FINDER
– 7:30 PM  - USA-1 arrives in Nepal (5:15AM local)

• Day 4 – 28 April (Wednesday)
– USA-1 sets up camp and starts search and rescue

• Day 5 – 29 April (Thursday)
– 2:34 AM – (noon in Nepal) David Lewis rendezvous with USA -1

• Day 6 – 30 April (Friday)
– David Lewis heads out to Chautara
– assists Belgian, Chinese,  Netherlands and Nepali Army teams and finds 4 victims

USAR team equipment  is 
prepackaged on pallets
They’re ready go, 2 hours later.



Photos courtesy David Lewis, R4 Inc.





Thank you to everyone who helped develop FINDER


